Gut-brain axis Microbiota Anxiety-like behavior Human milk oligosaccharides Sialyllactose Hippocampus Neurogenesis Doublecortin Prebiotic a b s t r a c t There are extensive bidirectional interactions between the gut microbiota and the central nervous system (CNS), and studies demonstrate that stressor exposure significantly alters gut microbiota community structure. We tested whether oligosaccharides naturally found in high levels in human milk, which have been reported to impact brain development and enhance the growth of beneficial commensal microbes, would prevent stressor-induced alterations in gut microbial community composition and attenuate stressor-induced anxiety-like behavior. Mice were fed standard laboratory diet, or laboratory diet containing the human milk oligosaccharides 3 0 Sialyllactose (3 0 SL) or 6 0 Sialyllactose (6 0 SL) for 2 weeks prior to being exposed to either a social disruption stressor or a non-stressed control condition. Stressor exposure significantly changed the structure of the colonic mucosa-associated microbiota in control mice, as indicated by changes in beta diversity. The stressor resulted in anxiety-like behavior in both the light/-dark preference and open field tests in control mice. This effect was associated with a reduction in immature neurons in the dentate gyrus as indicated by doublecortin (DCX) immunostaining. These effects were not evident in mice fed milk oligosaccharides; stressor exposure did not significantly change microbial community structure in mice fed 3 0 SL or 6 0 SL. In addition, 3 0 SL and 6 0 SL helped maintain normal behavior on tests of anxiety-like behavior and normal numbers of DCX+ immature neurons. These studies indicate that milk oligosaccharides support normal microbial communities and behavioral responses during stressor exposure, potentially through effects on the gut microbiota-brain axis.
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Introduction
The body is colonized by a vast and complex mixture of microbes collectively referred to as the microbiota. These microbes reside within communities in their specific niche in the body. During homeostatic states, the structure of the bacterial communities in the gut is relatively stable (Faith et al., 2013) . However, this stability can be altered through environmental and dietary manipulations. For example, research from our laboratory, as well as others, has shown that exposure to different types of stressors, ranging from social stressors to physical and physiological stressors, can impact the composition of the microbiota (Tannock and Savage, 1974; Bangsgaard Bendtsen et al., 2012; De Palma et al., 2014; Galley et al., 2014a,b) , with reductions in potentially beneficial microbes often being found (Bailey and Coe, 1999; Bailey et al., 2004; Knowles et al., 2008; Galley et al., 2014a,b) . Diet can also impact the microbiota, and different diets, such as those containing high fat contents, are associated with different microbial communities within the gut (Hildebrandt et al., 2009; Daniel et al., 2014) . Changing the composition of the gut microbiota in turn changes microbial community functions (Turnbaugh et al., 2008; Albenberg and Wu, 2014) , which has renewed interest in the use
